␤-Exotoxin I is a nonspecific insecticidal metabolite secreted by some Bacillus thuringiensis strains. Several studies of B. thuringiensis strains that have lost the capacity to produce ␤-exotoxin I have suggested that there is a strong correlation between high levels of ␤-exotoxin I production and the ability to synthesize crystal proteins. In this study, we showed that a mutant strain, B. thuringiensis 407-1(Cry ؊ )(Pig ؉ ), with no crystal gene, produced considerable amounts of ␤-exotoxin I together with a soluble brown melanin pigment. Therefore, ␤-exotoxin I production can take place after a strain has lost the plasmids bearing the cry genes, which suggests that these curable plasmids probably contain determinants involved in the regulation of ␤-exotoxin I production. Using a mini-Tn10 transposon, we constructed a library of strain 407-1(Cry ؊ )(Pig ؉ ) mutants. We screened for nonpigmented mutants with impaired ␤-exotoxin I production and identified a genetic locus harboring two genes (berA and berB) essential for ␤-exotoxin I production. The deduced amino acid sequence of the berA gene displayed significant similarity to the ATP-binding domains of the DRI (drug resistance and immunity) family of ATP-binding cassette (ABC) proteins involved in drug resistance and immunity to bacteriocins and lantibiotics. The berB gene encodes a protein with six putative transmembrane helices, which probably constitutes the integral membrane component of the transporter. The demonstration that berAB is required for ␤-exotoxin I production and/or resistance in B. thuringiensis adds an adenine nucleotide analog to the wide range of substrates of the superfamily of ABC proteins. We suggest that berAB confers ␤-exotoxin I immunity in B. thuringiensis, through active efflux of the molecule.
Bacillus thuringiensis is a sporogenic gram-positive insect pathogen that is extensively used in biological pest control (20) . It produces parasporal crystals composed of proteins called ␦-endotoxins or Cry proteins (26) , which are toxic to various insects on ingestion. These toxins are highly diverse and display a wide range of activity spectra useful in pest management. Some strains also produce ␤-exotoxin I, a nonproteinaceous toxin that, unlike the Cry toxins, is secreted into the culture medium and is not specific (3, 9) . This molecule is particularly active against dipteran, coleopteran, and lepidopteran species, but it is also active against beneficial species such as the honeybee Apis mellifera (7) . ␤-Exotoxin I is an adenine nucleotide analog (10) that is thought to inhibit RNA polymerase (27) , thereby affecting insect molting and pupation, in some cases having teratogenic effects (6) . ␤-Exotoxin I is also toxic to mammalian cells (1, 19) and is very persistent in the environment (2) . It has therefore been banned for public use in accordance with World Health Organization recommendations (32) .
The synthesis and export of ␤-exotoxin I probably require the activation of various genes (13) , which have yet to be identified. However, ␤-exotoxin I production has been linked with the presence of plasmids bearing cry genes. Indeed, several studies have reported that the abilities to secrete ␤-exotoxin I and to produce crystals were transferred together to B. thuringiensis and Bacillus cereus recipient strains by conjugation (22) . Plasmids of various sizes, 55 and 60 MDa (16) and 65, 70, 75, and 110 MDa (18) , encoding various Cry proteins have been identified as necessary for ␤-exotoxin I production in various B. thuringiensis strains. Nevertheless, little effort has focused on identification of the genetic determinants involved in ␤-exotoxin I production (regulation, synthesis, and/or export).
We report here a study of a B. thuringiensis acrystalliferous mutant strain, designated 407-1(Cry Ϫ )(Pig ϩ ), which produces a brown soluble pigment together with an insecticidal factor active against a wide range of insect species. Both the pigment and the insecticidal factor are directly secreted into the culture supernatant. The brown pigment was characterized and identified as melanin, and the insecticidal toxin was identified as ␤-exotoxin I. With the aim of identifying genes involved in ␤-exotoxin I production (synthesis, immunity, or secretion), we constructed a random mutant library, by using a mini-Tn10 transposon delivery system, and screened it for mutants with impaired production of both the pigment (white colonies) and ␤-exotoxin I (nontoxic culture filtrates). Sequence analysis of the insertion site of the transposon in a clone that produced neither ␤-exotoxin I nor pigment showed that the transposon had been inserted into a putative ATP-binding cassette (ABC) transporter gene system, similar to those of various export systems, including the systems involved in antibiotic resistance in various bacteria. The deletion of the genes in this cassette, designated berAB (␤-exotoxin resistance), confirmed that these genes were essential for the production of ␤-exotoxin I.
MATERIALS AND METHODS
Bacterial strains and plasmids. The bacterial strains and plasmids used in this study are listed in Growth conditions. B. thuringiensis strains were grown at 30°C with shaking at 170 rpm, in Luria-Bertani (LB) medium or brain heart infusion (Difco) supplemented with the following selective antibiotics: erythromycin (10 g/ml), spectinomycin (300 g/ml), and kanamycin (200 g/ml). We assessed growth in liquid medium by monitoring optical density at 600 nm. The point T 0 , which corresponds to the end of exponential growth, was plotted by regression for each culture growth curve. E. coli K-12 strains TG1 and SCS110 were cultured in LB medium at 37°C, and selection was achieved with ampicillin (100 g/ml), erythromycin (5 g/ml), and kanamycin (20 g/ml).
Bioassays of insecticidal activity. We used a free ingestion technique to assess the toxicity to Spodoptera littoralis (Lepidoptera) of bacterial culture supernatant preparations. The strains were grown on LB agar plates at 30°C; we then inoculated 100 ml of LB medium with a single colony and incubated the culture at 30°C, with shaking, for 24 h. Cultures were harvested at midsporulation (before cell lysis) by centrifugation at 14,000 ϫ g for 10 min at 4°C, and the supernatants were filtered twice through Nalgene filter units with 0.2-m pores (Nalgene). The resulting extracts, to be used for toxicity assays and ␤-exotoxin I determination, were stored at Ϫ20°C until use. S. littoralis larvae were fed an artificial diet dispensed into 50-well plastic plates (each with an area of 1.65 cm 2 ). Supernatant (25 l) was applied uniformly over the surface of the food and allowed to dry. One neonatal larva was placed in each of the 35 wells, and the plate was incubated for 10 days at 25°C with a photoperiod of 16 h of light and 8 h of darkness and 70% relative humidity. Mortality was recorded on days 3, 6, and 10. In these conditions, the concentration of technical grade ␤-exotoxin I required to kill 50% of the S. littoralis neonates was 30 g/ml. Typically, the larvae displayed impaired molting and developed into abnormal, white, puffy first instars.
Detection and quantification of ␤-exotoxin I. ␤-Exotoxin I was isolated from the culture supernatant by solvent extraction and quantified by high-performance liquid chromatography (HPLC) (11) . Briefly, for solvent extraction, acetone was added to 0.2 ml of the culture supernatant to a final concentration of 90%, and the mixture was centrifuged. The pellet was solubilized in 0.2 ml of doubledistilled water. Acetonitrile was added to a final concentration of 40%, and the mixture was then centrifuged. The pellet was discarded, and the acetonitrile concentration of the supernatant was brought up to 90%. The precipitate was collected by centrifugation, and the pellet was solubilized in 100 l of 50 mM potassium phosphate buffer, pH 2.5. For HPLC, we injected 25 l of the sample into a Lichrospher (Merck) C 18 end-capped 4-by 250-mm column. A gradient of 5 to 15% methanol in 50 mM potassium phosphate buffer, pH 2.5, was developed over 10 min. The flow rate was 1 ml/min, and UV absorption was monitored at 260 nm. ␤-Exotoxin I was eluted at 5.5 min. The detection limit of this method was 2 g/ml. The recovery yield for ␤-exotoxin I in the supernatant of cultures grown in LB medium was 80% (11) . A standard sample (70% purity) of ␤-exotoxin I was kindly provided by I. Thiery from the Laboratoire des Bactéries Entomopathogènes (Institut Pasteur, Paris, France).
Pigment purification. The soluble dark brown pigment secreted into the medium was precipitated by adding 1 M HCl to a filtrate sample (10 ml) from a sporulating culture of strain 407-1(Cry Ϫ )(Pig ϩ ) in liquid LB medium (pH 9), after 24 h of culture. The resulting precipitate was pelleted by centrifugation (10 min, 5,000 ϫ g), washed with 70% ethanol, and dried. At this stage, the pigment had a granular appearance, similar to that of the synthetic melanin obtained by tyrosine oxidation with hydrogen peroxide (Sigma Chemicals; M-8631). A synthetic melanin sample and the pigment sample were solubilized in 2 ml of 50 mM Tris-HCl (pH 8.5; 10-mg/ml final concentration) and analyzed by UV spectrophotometry, with the Tris buffer solution used as the blank, in a Beckman DU-series 70 spectrophotometer.
Random insertion mutagenesis. The mini-Tn10 transposon used in this study is a derivative of the Tn10 transposon of Salmonella enterica serovar Typhimurium. It is delivered by the pIC333 vector and used for random insertion mutagenesis (28) . The pIC333 plasmid includes a thermosensitive origin of replication and a gene that confers resistance to erythromycin. It is eliminated after transposition by a shift in temperature to 40°C. An insertion library was constructed in B. thuringiensis strain 407-1(Cry Ϫ )(Pig ϩ ), as described by Gominet et al. (12) . Mutants with impaired pigment production were selected, and their supernatants were tested for insect toxicity. As the mini-Tn10 element contains an E. coli replicon, we digested the chromosomal DNA of insertion mutants with EcoRI (no restriction site for this enzyme is present in the miniTn10 element). The fragments were ligated and used to transform E. coli TG1 cells. The mini-Tn10 transposon conferred resistance to spectinomycin in E. coli (60 g/ml), making it possible to select clones transformed with fragments containing the insertion locus. The chromosomal DNA flanking the insertion locus was sequenced, primarily with primers binding to the extremities of the transposon, and the sequence obtained was extended by chromosome walking, using the chromosome of strain B. thuringiensis 407(Cry Ϫ ), as described in the work of Okstad et al. (21) . Part of this extended sequence was determined by M. Rose (Institut für Mikrobiologie, J. W. Göethe Universität, Frankfurt, Germany).
Construction of a berAB deletion mutant. We disrupted the berAB genes on the chromosome of B. thuringiensis strain 407-1(Cry Ϫ )(Pig ϩ ) with pRN5101, generated by inserting pE194ts (31) into the ClaI site of pBR322. The DNA sequence of the downstream and upstream regions of berAB was generated by PCR, by using 407-1(Cry Ϫ )(Pig ϩ ) total DNA as a template and the following oligonucleotides (restriction sites are indicated in parentheses): orf1-BamHI, 5Ј (CGGATCC)GGTTCGGTCCTAAATAACC 3Ј; orf1-XbaI, 5Ј (CGTCTAGA) TCAACCGTTACGAGTCGACC 3Ј; orf2-EcoRI, 5Ј (CGGAATTC)GGTATG GAAAGTCCGATTCAAAACG 3Ј; and orf2-EagI, 5Ј (CGCGGCCG)CGGTA AATCCCTCTTCTTAAACAC 3Ј.
The two PCR fragments were digested with BamHI and XbaI and with EcoRI (29) , which confers resistance to kanamycin, was isolated as a 1.6-kb XbaI-EcoRI DNA fragment. The three DNA fragments were then ligated between the BamHI and EcoRI sites of pRN5101, to give pRN5101⍀berAB::aphA3. The intact berAB genes on the chromosome were replaced by their disrupted copy. This was achieved by double crossing-over, as described by Bravo et al. (4) . The recombinant strains were selected at a nonpermissive temperature (40°C), with kanamycin. Strains carrying the disrupted copy of berAB and lacking pRN5101⌬berAB::aphA3 were kanamycin resistant but erythromycin sensitive. We checked that the locus was disrupted as planned by PCR, with primers binding to the chromosomal sequence and primers binding within the aphA3 gene.
Nucleotide sequence accession number. The DNA sequence of the insertion sequence has been deposited in GenBank under accession no. AF499614.
RESULTS
Toxicity of the culture supernatants of strain 407(Cry ؉ ) and its acrystalliferous derivatives. Strains 407(Cry ϩ ), 407(Cry Ϫ ), and 407-1(Cry Ϫ )(Pig ϩ ) were cultured in LB medium, at 30°C for 24 h. The cultures were centrifuged, and the filtered supernatants were tested for toxicity to larvae of S. littoralis. The supernatants of strains 407(Cry ϩ ) and 407-1(Cry Ϫ )(Pig ϩ ) caused 80 to 100% mortality, whereas the supernatant of strain 407(Cry Ϫ ) was not toxic. The toxic supernatants caused a slow death, most of the larvae dying within 15 days after passing through a long moribund stage. The effects were particularly obvious at molting, as poisoned larvae did not reach the second-instar stage. These symptoms are typical of ␤-exotoxin I poisoning.
Chemical characterization of the pigment and of the insecticidal compound secreted by the strain 407-1(Cry ؊ )(Pig ؉ ) mutant. The pigment produced by strain 407-1(Cry Ϫ )(Pig ϩ ) took color only in alkaline conditions and in the presence of oxygen. The pigment was precipitated from the supernatant of a stationary-phase culture of strain 407-1(Cry Ϫ )(Pig ϩ ) by adding 1 M HCl. The precipitate was collected by centrifugation, washed with ethanol, solubilized in Tris (pH 8.5), and compared with a sample of synthetic melanin prepared by tyrosine oxidation. The UV spectrum of the pigment produced by strain 407-1(Cry Ϫ )(Pig ϩ ) was similar to that of melanin (Fig. 1 ). This solubilized fraction was not toxic to larvae of S. littoralis.
The insecticidal exotoxin that accumulated in the culture supernatant of strain 407-1(Cry Ϫ )(Pig ϩ ) was a low-molecularweight molecule resistant to heating at 100°C for 10 min. Its UV absorption at 258 nm (pH 6) and overall absorption spectrum were identical to those of ␤-exotoxin I (data not shown). The toxin was purified by HPLC, on an anion-exchange column (MonoQ column) and in reverse phase (C 18 column). The addition of standard ␤-exotoxin I to the purified toxin proportionally increased the peak of the unknown toxin in anionexchange chromatography (Fig. 2) . This demonstrated that the toxic compound was ␤-exotoxin I, excluding other insecticide metabolites such as ␤-exotoxin II (18) . Quantification of ␤-exotoxin I by HPLC in strains 407(Cry ϩ ) and 407-1(Cry Ϫ )(Pig ϩ ) indicated that the supernatants of these strains yielded up to 90 and 172 g of ␤-exotoxin I/ml, respectively, whereas strain 407(Cry Ϫ ) produced 4.5 g of ␤-exotoxin I/ml ( Table 2 ). The amounts of ␤-exotoxin I produced by strains 407(Cry ϩ ) and 407-1(Cry Ϫ )(Pig ϩ ) are consistent with the observed pattern of mortality, suggesting that the toxicity of these strains was due to ␤-exotoxin I. By contrast, the amounts of ␤-exotoxin I produced by strain 407(Cry Ϫ ) were well below 30 g/ml, the threshold for detectable toxicity to S. littoralis in our test conditions. The pigmented and toxic phenotype of 407-1(Cry Ϫ ) (Pig ϩ ) was very stable at high temperature (42°C), and we obtained no revertant clones in cultures over more than 50 generations (data not shown).
Time course of ␤-exotoxin I accumulation in strains 407-1(Cry ؊ )(Pig ؉ ) and 407(Cry ؉ ). We studied the accumulation over time of ␤-exotoxin I in strains 407-1(Cry Ϫ )(Pig ϩ ) and 407(Cry ϩ ), by precisely determining the concentration of ␤-exotoxin I in the culture supernatants of these strains by sampling 2 ml of culture at various times. We observed no production of ␤-exotoxin I during the exponential growth phase; this toxin was produced only during the stationary phase. We monitored ␤-exotoxin I between T 0 (the onset of the stationary phase of the bacterial culture) and T 10 (10 h after T 0 ) and found that, although this toxin was continuously produced throughout the stationary phase, particularly large amounts were produced between T 3 and T 5 in strain 407-1 (Cry Ϫ )(Pig ϩ ) (Fig. 3) . Increases in ␤-exotoxin I levels was observed until T 10 , although spores had already formed in most of the bacterial cells. The pigment was first detected in the culture supernatant at about T 8 , coinciding with an increase in pH, conditions changing from acidic to basic. In strain 407(Cry ϩ ), ␤-exotoxin I accumulation was maximal between T 6 and T 10 (data not shown).
Transposon mutagenesis of strain 407-1(Cry ؊ )(Pig ؉ ). Several B. thuringiensis mutants producing a melanin pigment and displaying higher-than-normal levels of toxicity have been described elsewhere (14, 23, 25) or for other pathogenic species of bacteria (5, 15) . Assuming a possible common biosynthetic pathway (or regulation mechanism) for pigment and ␤-exotoxin I production in strain 407-1(Cry Ϫ )(Pig ϩ ), we performed Tn10 insertion mutagenesis, with the shuttle vector pIC333, and used pigment production as a genetic marker, for the screening of nonpigmented and possibly nontoxic mutant clones. We tested the toxicity to S. littoralis first-instar larvae of clones with impaired pigment production. One such nonpigmented mutant generated a nontoxic supernatant yielding only 2 g of ␤-exotoxin I/ml after 24 h. We checked that the insertion of the mini-Tn10 transposon was unique by Southern . Strain 407-1(Cry Ϫ ) (Pig ϩ ) was cultured in LB medium at 30°C, with shaking at 170 rpm. Growth was monitored by monitoring optical density at 600 nm and was plotted on a logarithmic scale. T 0 , the onset of the stationary phase, is indicated on the growth curve. The supernatant was sampled at various times after T 0 (T 1 , T 3 , T 5 , T 7 , and T 10 ), plotted on the y axis. ␤-Exotoxin I concentration measured by HPLC at these time points is expressed in micrograms per milliliter and is represented by vertical bars.
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transporters. This gene was designated berA, for ␤-exotoxin resistance (Fig. 4) . The TAA termination codon of berA overlaps with the ATG initiation codon of a second putative 807-bp ORF that was designated berB, placing this ORF in the Ϫ1 reading frame with respect to berA. It is therefore likely that berA and berB are transcriptionally and translationally coupled.
The berB gene encodes a putative protein with six hydrophobic transmembrane domains, as typically found in membranespanning proteins. BerA is 42% identical and 62% similar to the ATP-binding protein of a putative ABC transporter from Thermotoga maritima and 39% identical and 59% similar to YhaQ, a putative ABC ATPase from Bacillus subtilis, which is similar to BcrA, which is known to confer bacitracin resistance in Bacillus licheniformis (24) . The putative BerB protein is also similar (21% identity and 43% similarity) to the putative ABC transporter permease from T. maritima, which is associated with the ABC ATP-binding protein similar to BerA. In the two species, the nucleotide overlap between the two genes is also conserved.
The berAB genes are involved in ␤-exotoxin I production and/or resistance. To determine the role of berAB in ␤-exotoxin I production, we disrupted these genes in strains 407-1(Cry Ϫ )(Pig ϩ ) and 407(Cry ϩ ), by integrating a gene conferring resistance to kanamycin into their DNA sequence. The aphA3 gene was inserted in the opposite orientation, and much of the internal sequence of the berAB genes was removed. As for the 407-1(Cry Ϫ )(Pig ϩ )berA::Tn10 mutant, the 407-1(Cry Ϫ )(Pig ϩ ) berAB::aphA3 mutant was not toxic to S. littoralis and produced only 2.2 g of ␤-exotoxin I/ml in its culture supernatant (Table  2) . This is a very small amount of ␤-exotoxin I compared with the 172 g/ml produced by strain 407-1(Cry Ϫ )(Pig ϩ ) (Table 2 ). However, unlike mutant 407-1(Cry Ϫ )(Pig ϩ )berA::Tn10, the 407-1(Cry Ϫ )(Pig ϩ )berAB::aphA3 strain showed no impairment of pigment production. We were unable to obtain a similar deletion in the wild-type strain 407(Cry ϩ ), despite five attempts with the same pRN5101berAB::aphA3 plasmid. In each experiment, we obtained several deletion mutants that appeared to be acrystalliferous [i.e., similar in phenotype to B. thuringiensis 407(Cry Ϫ )] on microscopy. It is likely that, as for strain 407(Cry Ϫ ), these mutants did not produce crystals due to loss of the cry-bearing plasmid. The culture supernatants of these 407(Cry Ϫ )⌬berAB mutants were not toxic to S. littoralis.
DISCUSSION
This study reports an analysis of the B. thuringiensis strain 407-1(Cry Ϫ )(Pig ϩ ), which overproduces ␤-exotoxin I, together with a brown pigment. A similar pigmented phenotype was previously described for two different B. thuringiensis strains exposed to a mutagenic agent (14, 23, 25) . These two strains produced a brown pigment identical to synthetic melanin obtained by the persulfate oxidation of tyrosine and were more toxic to insects than were the parental strains from which they were derived. However, the genes conferring higher levels of insecticidal activity or the Pig ϩ phenotype were not characterized. We partially purified the pigment produced by strain 407-1(Cry Ϫ )(Pig ϩ ) and found that its UV spectrum was also similar to that of melanin. In Vibrio cholerae, pigment production is often associated with higher levels of virulence (15) , suggesting that pigments and toxins may share common determinants. If we assume that the concomitant production of pigment and toxin in Pig ϩ mutants is not fortuitous, then the genetic study of these strains is promising for the identification of a possible cross-regulation network.
Purification of the exotoxin present in the supernatant of strain 407-1(Cry Ϫ )(Pig ϩ ) led to the identification of this compound as ␤-exotoxin I. The isolation of an acrystalliferous B. thuringiensis mutant that produced large amounts of ␤-exotoxin I was unexpected. Indeed, analysis of strain 407(Cry Ϫ ), which has lost the capacity to produce high levels of ␤-exotoxin I, supported the generally held notion that ␤-exotoxin I production is linked to the presence of plasmids bearing cry genes (16, 18) . Ozawa and Iwahana (22) , by transferring a single 62-MDa plasmid from a B. thuringiensis subsp. darmstadiensis strain by conjugation, even managed to produce both ␤-exotoxin I and a crystal in a strain of B. cereus. The level of ␤-exotoxin I production was very low in strain 407(Cry Ϫ ), and the protein crystal disappeared, but ␤-exotoxin I production was not entirely abolished. EMS treatment of this Cry Ϫ strain restored its capacity for high levels of ␤-exotoxin I production and led to the production of a melanin-like pigment. This suggests that ␤-exotoxin I production does not depend purely on cry plasmids and that these curable plasmids contain genetic determinants that are probably involved in the regulation of ␤-exotoxin I production but not directly responsible for the biosynthesis of this molecule. The genes for ␤-exotoxin I synthesis are probably chromosomal or located on other plasmids that are not easily eliminated.
Based on the assumption that the simultaneous appearance of the pigment and ␤-exotoxin I was not fortuitous in strain 407-1(Cry Ϫ )(Pig ϩ ), we performed transposition mutagenesis to select a nonpigmented mutant that was not toxic. In this mutant, the transposon was inserted into a chromosomal region that included two overlapping genes, designated berA and berB. The structural elements and similarity predicted for BerA and BerB strongly suggest that these proteins constitute a putative ABC transporter similar to the various systems involved in resistance to small molecules such as bacteriocins or that are responsible for lantibiotic immunity (8) . These proteins belong to the DRI (drug resistance and immunity) subfamily of ABC systems. It is thought that such systems confer drug resistance by active efflux of the molecules through the membrane, but no direct experimental proof has yet been presented that this is indeed the case. It has been shown previously that ␤-exotoxin I, a small hydrophilic molecule (metabolite), is not released from the bacterial cell by free diffusion but is instead actively exported (13) . However, no mechanism for this export has ever been proposed. The culture supernatant of strain 407-1(Cry Ϫ )(Pig ϩ )berAB::aphA3 was not toxic and contained less than 2 g of ␤-exotoxin I/ml. In contrast to our findings for strain 407-1(Cry Ϫ )(Pig ϩ ), we were unable to obtain a berAB deletion mutant in the wild-type strain 407(Cry ϩ ) unless it had a Cry Ϫ phenotype. The fact that we systematically obtained mutants of this type suggests that berAB disruption is not compatible with plasmid-dependent ␤-exotoxin I expression, which may be constitutive. It is therefore possible that, in the wild-type background, the accumulation of ␤-exotoxin I in the bacterial cell may be lethal, as this toxin has been reported previously to cause deleterious effects in various cellular models (1, 19) . It is therefore possible that the berAB genes are directly involved in ␤-exotoxin I translocation through the bacterial membrane. In strain 407-1(Cry Ϫ ) (Pig ϩ ), ␤-exotoxin I production may be subject to negative feedback control, and neither exotoxin production nor deleterious effects are observed in the 407(Cry Ϫ )(Pig ϩ )berAB::aphA3 mutant. For unknown reasons, this mutant displayed no impairment in pigmentation, unlike the transposition mutant. This absence of pigmentation in the transposition mutant may be due to an indirect effect of mini-Tn10 on genes located upstream or downstream from the berAB operon. Therefore, although they may have common regulators, the production of pigment is probably independent of the production of ␤-exotoxin I.
In summary, this study of strain 407(Cry ϩ ), which produces high levels of ␤-exotoxin I, and of two of its acrystalliferous derivatives reveals that (i) the genetic determinants responsible for ␤-exotoxin I production found on Cry-dependent plasmids are likely to be regulatory elements; (ii) large amounts of ␤-exotoxin I can be produced in the absence of such plasmids; and (iii) a putative ABC transporter, encoded by berAB, is essential for ␤-exotoxin I production. 
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